Introduction
Asthma-COPD overlap (ACO) is a disorder in which features of asthma and COPD are mixed. The definition, clinical features, and course of ACO are still controversial. 1, 2 Although the Global Initiative for Asthma (GINA) and Global Initiative for Chronic Obstructive Lung Disease (GOLD) outlined 11 items to allow ACO diagnosis, there is no consensus on diagnostic criteria of ACO. [3] [4] [5] [6] ACO may be simply defined as COPD with airway hyper-responsiveness or as asthma with persistent airflow limitation. 7 The prevalence of ACO in those with COPD and asthma is 12%-55% 5, 7, 8 and 16%-61%, 5, 8 respectively. In some studies, ACO patients displayed more severe symptoms, poor quality of life (QoL), and frequent exacerbations compared to COPD patients. [9] [10] [11] Contrarily, a study reported no difference in severity or mortality between ACO and COPD alone, 7 with another study describing better survival in ACO than in COPD. 12 Surveys in the USA, China, and South Korea reported higher absence rates, medical resource utilizations, and medical costs for ACO patients compared to COPD patients. 8, 13, 14 A recent prospective population-based analysis reported the heterogeneity of ACO concerning the onset of asthma. 11 The reason for the differing prevalence and clinical outcomes of ACO in different studies could reflect the different definitions of ACO as well as heterogeneity in ACO. However, in order to overcome the disease, it is necessary to confirm that ACO is a disease with various characteristics. It is important to recognize that there are also various subtypes within ACO and that they may show different patterns in their frequency of exacerbations, medical use, and cost.
Therefore, the aims of this study were to investigate the heterogeneity of ACO in subjects with mild-to-moderate airflow limitation and to identify the diverse epidemiological characteristics and subtypes of ACO associated with exacerbations and health care use and cost through the national survey and insurance claims data.
Methods study design
In the Korean National Health and Nutrition Examination Survey (KNHANES) 15 conducted between 2007 and 2012, subjects aged $40 years with forced expiratory volume in 1 second (FEV 1 )/forced vital capacity (FVC) ,0.7 and FEV 1 $50% predicted were included. Self-reported wheezing was indicated as presence (W+) or absence (W−). An S+ subject was a current smoker or an exsmoker who had smoked $100 cigarettes. An S− subject had never smoked or had smoked ,100 cigarettes in his/her lifetime, which is also used in other surveys. 16, 17 The subjects were divided into the following four groups: W−S−, W−S+, W+S−, and W+S+. W+S− was regarded as asthma-predominant ACO, and W+S+ was regarded as COPD-predominant ACO. KNHANES data were analyzed according to the groups. These data were linked to the National Health Insurance (NHI) data, and the use and cost of health care services from January 2007 to December 2012 for each group were analyzed. Exacerbations were defined as deterioration in respiratory symptoms requiring systemic corticosteroids and/or antibiotics for hospitalization or emergency room (ER) visits, as in previous studies. 13, [18] [19] [20] [21] Medical costs and days of health care use not related to the respiratory diseases were excluded from the analysis. Detailed methods are described in previous studies 13, [18] [19] [20] [21] [22] and are presented in Figure 1 . Among the variables, household income was divided into quartiles: upper, middle upper, middle lower, and lower. The level of education was based on the graduation level (elementary school, middle school, high school, and college). Marital status was divided into single, married, divorced, and bereaved. Physical activity was divided into three levels by the questionnaire. Physical activity 1 was defined as highly 
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heterogeneity of asthma and COPD intensive activity that increases respiration or heart rate to a high level, physical activity 2 is moderate activity that leads to a slight increase in respiration or heart rate, and physical activity 3 is low-intensity activity. Self-rated health was also scored by the questionnaire and classed as excellent, good, fair, poor, and very poor. EuroQoL five dimensions questionnaire (EQ-5D) index was used to measure health-related QoL and included mobility, self-care, usual activities, pain/ discomfort, and anxiety/depression. 23 Each item of EQ-5D was graded in three levels; the higher the grade, the lower the QoL. Our study was approved by the National Evidence Based Coordinating Agency Ethics Committee. Due to the retrospective nature of this study, the Ethics Committee waived the requirement for informed consent from subjects. All data accessed were de-identified.
statistical analyses
All data are expressed as mean ± SD or n (%). Analysis of variance or Kruskal-Wallis test was used to compare continuous variables among the four groups, and Student's t-test or Mann-Whitney test was used to compare asthmapredominant and COPD-predominant ACO. Categorical variables were analyzed by chi-square test or Fisher's exact test. Multiple logistic regression analysis was used to determine the effect of groups on the deterioration that required hospitalization or emergency room visits, and multiple linear regression analysis was used to determine the effect of groups on medical costs. A four-step model was applied to adjust confounding factors. No factor was adjusted in step 1. Age, sex, and body mass index (BMI) were adjusted in step 2. Age, sex, BMI, and household income were adjusted in step 3. Age, sex, BMI, household income, and FEV 1 were adjusted in step 4. Odds ratio (OR) and 95% confidence interval (CI) or beta coefficients are presented. P-value ,0.05 was considered statistically significant. All statistical analyses were performed using SAS Version 9.2 (SAS Institute Inc., Cary, NC, USA).
Results
Of the 2,269 subjects with FEV 1 /FVC ,0.7 and FEV 1 .50% predicted, 410 (18%) subjects with W+ belonged to ACO. Among these 410 ACO subjects, 154 never smokers were classified as W+/S− (asthma-predominant ACO) and 256 smokers were classified as W+/S+ (COPD-predominant ACO). Of those without wheezing (W−), 681 were never smokers (W−/S−) and 1,178 were smokers (W−/S+). Although mean age was not different, age distribution was significantly different among the four groups (P=0.001).
Subjects aged 40-50 years were more frequent in the W+ groups and subjects aged 50-70 years were more frequent in the S+ groups. Men were more prevalent in both S+ groups than in both S− groups and in the COPD-predominant ACO group than in the asthma-predominant ACO group (both P,0.001). BMI and waist circumference were the highest in the COPD-predominant ACO group (both P,0.001). Household income and education level were the highest in the W−/S− group among the four groups (P,0.001) and were lower in the asthma-predominant ACO group than in the COPD-predominant ACO group (P,0.001). There were more married subjects in the two S+ groups and more bereaved subjects in the other S− groups (P,0.001). FEV 1 , FVC, and FEV 1 /FVC were lower in the W+ group than in the W− group (P,0.001). Among the W+ groups, FEV 1 /FVC was lower in the COPD-predominant ACO group than in the asthma-predominant ACO group (P=0.002), while FEV 1 and FVC were not different. Based on the responses to the questionnaires, more subjects were diagnosed with COPD in the COPD-predominant ACO group and more subjects were diagnosed with asthma in the asthma-predominant ACO group compared to the other groups (P,0.001). Based on the NHI data, osteoarthritis, osteoporosis, and depression were more common in the S− groups (P=0.012, ,0.001, and ,0.001, respectively) and osteoporosis was most prevalent in the asthma-predominant ACO group (P,0.001) ( Table 1) .
Physical activity 1 (high intensity) was more frequent in the S+ groups among the four groups (P,0.001) and in the COPD-predominant ACO group compared to the asthma-predominant ACO group (P=0.026). Regarding the self-rated health levels, both W− groups more often rated their health as excellent or good compared to the W+ groups (P,0.001), with health rated as poorer more often in the asthma-predominant ACO group than in the COPDpredominant ACO group (P=0.001). Both W+ groups showed poorer health-related QoL in all EQ-5D items compared to W− groups (P,0.001), and usual activities and pain/ discomfort scores were lower in the asthma-predominant ACO group than in the COPD-predominant ACO group (P=0.024) ( Table 2) .
NHI data revealed that insurance type was not different among the four groups. Hospitalization rate was higher in both W+ groups (P,0.001), but there was no difference between both ACO groups. Mean total medical costs did not differ appreciably among the four groups. Outpatient medical expenses were highest in the COPD-predominant ACO group (P,0.001). This tendency was similar in the number of days of health care use (Table 3) . 46 (7) 39 (3) 6 (4) 12 (5) 
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heterogeneity of asthma and COPD ACO groups were prescribed more respiratory medicine compared to both W− groups (P,0.001). Within the ACO groups, the prescription pattern was slightly different according to the smoking history. The asthma-predominant ACO group was prescribed more inhaled corticosteroids (ICS)/ long-acting beta-agonists (LABA). Conversely, the COPDpredominant ACO group was prescribed more long-acting muscarinic antagonists (LAMA) ( Table 4) .
Multiple logistic regression analysis showed that, when the OR of the W−/S− group was set to 1, the COPD-predominant ACO group was associated with increased OR of any exacerbation (age, sex, BMI, household income, and FEV 1 % predicted -adjusted OR [aOR], 1.79; 95% CI, 1.12-2.85). However, when OR of the asthma-predominant ACO group was set to 1, the COPD-predominant ACO group did not show significant results (Table 5 ). When the OR of W−/S+ group was set to 1, the COPD-predominant ACO group was associated with increased odds of any exacerbation (OR 2.11, 95% CI 1.43-3.10) ( Table 6 ).
Compared to the W−/S− group (OR, 1), outpatient and total medical costs were significantly associated with the COPD-predominant ACO group in all adjusted models (Table 7) . Compared to the asthma-predominant ACO group, only outpatient medical costs were associated with the COPDpredominant ACO group in all adjusted models (Table 8) .
Discussion
We identified the heterogeneity of ACO according to smoking status and found that COPD-predominant ACO might have larger clinical impact, such as lower lung function and higher outpatient medical cost than asthma-predominant ACO. Since our study subjects were selected randomly from a 
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Kim et al nationwide survey, and mostly presented only mild-tomoderate airflow limitation, although their FEV 1 /FVC was ,0.7. Therefore, we defined airway hyper-responsiveness as the presence of self-reported wheezing instead of the bronchial provocation test and/or bronchodilator responsiveness. Nonetheless, the clinical characteristics were well characterized when divided into the four groups (W−/S−, W−/S+, W+/S−, and W+/S+) according to smoking and wheezing status. In this study, ACO (W+) groups had a younger mean age, lower self-reported health and QoL levels, and higher health care utilization than W− groups. S+ groups showed more frequent married status and more intensive physical activity and less common osteoarthritis, osteoporosis, and depression than S− groups, which was mainly due to differences in sex between the two groups. Almost all (1,363/1,434, 95%) of the S+ groups were males, and the majority of the S− groups were females (568/835, 68%). When comparing both ACO groups, males predominated, physical activity was more intensive, and FEV 1 /FVC was lower in the COPD-predominant ACO group than in the asthma-predominant ACO group. Socioeconomic status parameters, such as household income and education levels, self-rated health, and health-related QoL levels, were lower in the asthma-predominant ACO group than in the COPD-predominant ACO group. The asthma-predominant ACO group showed higher prevalence of osteoporosis compared to the COPD-predominant ACO group. This may be due to the higher proportion of women in the asthma-predominant ACO group. There was no difference between the asthma-predominant ACO and the COPD-predominant ACO in the medical utilization, except outpatient costs, which were higher in the COPD-predominant ACO group. Multiple logistic regression analysis showed that the COPD-predominant ACO group was associated with increased odds of exacerbations compared to both groups without wheezing (W−/S− and W−/ S+) but not the asthma-predominant ACO group.
Subjects with ACO (W+) were more likely to experience exacerbations and to have lower health-related QoL compared to those without ACO (W−). Both W+ groups also showed higher medical costs and health care utilization than W− groups. Similarly, most previous comparative studies of ACO and COPD showed that ACO had more frequent exacerbations, symptoms, and comorbidities and lower QoL. 6, [24] [25] [26] [27] [28] In the EPI-SCAN study of a Spanish cohort, more frequent respiratory symptoms and exacerbations and lower FEV 1 , FVC, QoL, and physical activities were observed in ACO patients than in COPD patients. 10 The PLATINO study of Latin American countries also showed that ACO patients had more symptoms, lower pulmonary function, higher risk of exacerbations and hospitalizations, and worse health status than those with COPD. 29 These results were similarly observed in the COPDGene Study conducted in the USA and South Korea. 9, 13 In a meta-analysis of ACO-related studies, no differences in sex, smoking amounts, lung function, and 6-minute walk distance were found between ACO and COPD patients, but ACO patients were younger and had higher BMI, greater use of medical resources, and lower health-related QoL. 30 In terms of medical use and cost, Medicare beneficiary data revealed that patients with diagnostic codes of both COPD and asthma had higher medical use and expenses than those with codes of COPD alone.
14 In Korea, medical utilization and cost were reported to be significantly higher in ACO than in COPD or asthma.
13,31 Systematic reviews and meta-analyses have also revealed more medical use including emergency department visits and hospitalization for ACO patients. 30, 32 In contrast to these previous studies, Cosio et al 12 reported that ACO patients had better survival than COPD patients. In addition, a recent study reported that ACO with early onset of asthma has a better prognosis than COPD. However, ACO with late onset of asthma had poorer prognosis compared to COPD. 11 The collective data indicate that there may be heterogeneous groups within ACO patients and the prognosis can be determined accordingly. The aforementioned study showed that the outcome of ACO patients varies according to the time of asthma diagnosis, and our study demonstrated the heterogeneity of ACO according to smoking history. Although the COPD-predominant ACO group had higher household income, education levels, and health-related QoL than the asthma-predominant ACO group, COPD-predominant ACO was associated with higher outpatient medical cost compared to the asthma-predominant ACO group. Multivariate logistic regression analysis adjusted for age, sex, BMI, household income, and FEV 1 showed that the COPD-predominant ACO was associated with a higher rate of hospitalization than the asthma-predominant ACO group, although not statistically significant.
There are some limitations to this study. First, we used arbitrary definitions for the four groups, which did not fully meet the common diagnostic criteria. Because we used KNHANES and NHI data, bronchial provocation test or bronchodilator responsiveness and other respiratory imaging studies were not included. Therefore, the distinction between asthma and ACO proposed in this study were not accurate. It is also difficult to reflect the asthma control status, severity, or medication compliance. For example, asthma symptoms or control can vary depending on how steady the asthma medication is used and it may misclassified to a group of wheezing (−) or (+). This inaccurate assignment is likely to have weakened the statistical power of this study. Second, pulmonary function was measured only once at a specific time point and it could be affected by condition or short-term disease such as upper respiratory infection of patients. This may also be an obstacle to the precise distinction between W+ and W−. However, many previous population-based studies have used "wheezing" as a representative symptom of asthma. 22, 31, 33, 34 To overcome these limitations, we used NHI data in conjunction with KNHANES data. NHI data reflect the actual illness and prescription, which can complement the aforementioned drawbacks. As confirmed in the study 
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heterogeneity of asthma and COPD results, this classification seemed to represent two diseases to some extent, because the prescription patterns according to this classification were quite characteristic. In addition, it was a nationwide survey that had the advantage of being able to represent the whole population of a country and that included important variables associated with disease, such as socioeconomic status and QoL. Also, this study benefited from obtaining relatively accurate data on medical use and expenses by using NHI claim data. Second, although statistical analysis was performed by adjusting for sex through multiple logistic regression, sex difference associated with smoking history might be too large to overcome. Therefore, some of our results may be due to sex differences between groups and not differences between ACO subtypes.
Particularly, within ACO groups, two subtypes with distinct characteristics were found and they also showed marked differences in terms of exacerbation frequency and medical costs. While asthma-predominant ACO individuals displayed poorer socioeconomic status and QoL compared to the COPD-predominant ACO group, the COPD-predominant ACO group showed higher medical use and expenditure than the asthma-predominant ACO group. In this study, we found that ACO has more exacerbations than COPD with mild airway obstruction and that it can show various phenotypes with different prognoses. Therefore, in order to manage ACO patients well, it is necessary to recognize the characteristics well and appropriately allocate limited medical resources.
